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Evaluations  of  a  q 
Patient  Isolator  SvstemC 

//.  Distributiun  I’rojilfs  of  Fatunt  Microjiora 
During  Prolonged  Isolator  ConfinemcHt 
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J\.  NEW  APPROACH  to  prevention  of  sec¬ 
ondary  or  nosocomial  cross  infections  in  the 
debilitated  patient  has  been  taken  in  the  devel¬ 
opment  of  self-contained  or  unitized  systems 
for  total  isolation  of  the  individual  patient.’  * 
Such  systems,  or  isolators,  have  as  their  basic 
purpose  the  exclusion  of  all  microbial  contact 
between  the  patient  and  his  external  environ¬ 
ment  without  interfering  with  his  normal 
routine  care  and  treatment.  These  systems  con¬ 
sist  basically  of  three  integral  components;  the 
flexible  plastic  isolation  enclosure  or  tent;  a 
system  of  blowers  and  filters  which  provide  a 
supply  of  sterile  air  within  the  isolator;  and 
pass-through  chambers,  or  locks,  for  intro¬ 
ducing  or  removing  items  of  patient  care  or 
treatment  without  breaching  the  isolation  bar¬ 
rier.  The  feasibility  as  well  as  practicability  of 
one  such  system  *  have  been  under  examination. 
The  effectiveness  and  reliability  of  the  different 
systems  and  procedures  involved  in  steriliza¬ 
tion,  concurrent  sanitization,  and  continued 

Submitted  for  publication  Feb  1965;  accepted 
April  7. 

From  the  Division  of  Basic  Surgical  Research 
and  Department  of  Nursing,  Walter  Reed  Army 
Institute  of  Re^arch,  Walter  Rei-d  .Army  Medical 
Center 

"Nothing  contained  herein  shall  imply  Army  in- 
dor  jCment  of  or  preference  for  the  commercird  prmluct 
or  products  described"  (AR  360-.'.  r— ••  li) 

Reprint  ret|uests  to  Department  of  Medicine.  MCV' 
.Station,  Richmond,  Va  23240  (Dr.  S.  Shadnmy) 

•  "Life  Island"  Hospital  Isolator  System,  Matthews 
Research.  Inc,  Alexandria.  V.a. 


maintenance  of  the  microbial  barrier  have  been 
described  previously .■*  This  reixirt  is  concerned 
with  an  examination  of  the  combined  effects  of 
prolonged  isolation  and  intensive  procedures  fur 
skin  hygiene  on  the  external  microflora  of  the 
confined  patient.  In  addition,  bacteriological 
evidence  was  also  sought  as  to  any  penetration 
of  the  isolator’s  barrier  by  microorganisms 
indigenous  to  the  external  hospital  environ 
ment. 

Procedures 

A.  Tin-  Isolator  S  vJtcm— A  detailed  de  ription  of 
the  isolator  (Fig  11  has  been  presaited  elsewhere* 
and  only  limited  specifications  need  be  enumerated. 

The  isolation  tent,  which  surrounds  but  does  not 
encompass  a  standard  mechanical  hospital  bed,  is 
fabricated  from  clear  flexible  polyvinyl  chloride 
tdastic,  ITnlimited  access  to  the  patient  is  provided 
by  two  sets  of  paired  gauntleted  gloves.  Dear,  rigi<l 
plastic  lace  plates  set  in  the  waits  of  the  tent  provide 
unrestricted  visibility.  Sterile  air  is  provided  by  a 
combined  blower  and  filtration  system  contained  in 
the  console  iit\it  which  forms  the  foot  of  the  bed. 
The  filtration  system  utilizes  two  iiltrahigh  efficiency 
filter  units  t  rapable  of  retaining  more  than  <)9  99'7r 
of  all  jarticles  over  0.3;«  in  diameter.  The  console 
also  contains  two  double-door  pass-through  locks, 
controls  for  the  adjustment  of  the  mechanical  lied,  an 
alarm  system,  and  other  ancillary  controls  The 
pass-through  locks  are  each  fitted  with  four  fi-8T.3 
ultraviolet  lamps  Attachments  for  sphygmomanom¬ 
eters,  electrifies,  stethoscope,  transfusion  or  venoclysis 
tubing,  and  other  devices  are  made  via  special 
adapters  set  in  the  flexible  walls  of  the  tent. 


t  Cambridge  Absolute  Filter,-'-Cambi idge  Filtvi 
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Fig  1. — Unitized  patient  isolator  system  (“Life  Island,  Mark  V*’).  Shown  are  the  control  console  (fore¬ 
ground)  with  pass-through  locks,  master  controls,  and  inlet  for  the  air  filtration  and  supply  system ;  the 
clear,  flexible  plastic  patient  enclosure  with  rigid  plastic  view  plate,  gauntlet-gloves,  and  overhead^  suspen¬ 
sion  system ;  also  shown  are  tlie  isolator  interior  with  bed,  bed  rails  and  straps,  and  overlicd  tray.  The  me¬ 
chanical  components  of  the  bed  are  contained  within  an  inner  plastic  tunh'l  which  s*-ts  them  outside,  topo¬ 
logically.  from  the  i.solator  interior.  (US  .Army  photograph,  Walter  Rcetl  .-\rmy  Institute  of  RL-starch.) 


B.  Prt'paratinH  and  Sanilisalion  of  the  Isolator 
Tent. — Initial  sterilization  of  the  interior  of  the  tent 
was  achieved  through  surface  treatment  and  aero- 
solization  with  a  3%  solution  of  peracetic  acid,  A 
total  of  24  hours  was  re(|uired  for  this  procelure; 
exposure  time  to  the  sterilizing  agent  was  one  'lour 
follower!  by  a  period  of  exhaust  and  ventilation  for 
I  the  remaining  time.  Efficiency  of  the  sterilizing  t)ro- 
f  ceriure  had  been  previously  verified  using  test  strips 
'  ’  impregnated  with  spores  of  Bacillus  .mhtili.r  <  variety 
alohii/ii)  t  Similar  strips  ex|x)scd  during  the  initial 
sterilization  preparatory  to  this  clinical  trial  and 
removed  after  ventilation  uerc  cultiirerl  and  deter 
mineil  to  he  negative  for  growth  at  4ff  hours  and  after 
seven  days. 

t  SiKirorlex  Bacterial  S|K)rt  Strips.  .American 
Sterilizer  Co. 


Concurrent  sanitization  of  the  interior  of  the  tent 
was  accomplished  through  periodic  washings  of  the 
inner  plastic  surfaces  and  met.i'  fittings  with  a 
1  :?50  solution  of  lienzalkoniuni  chloride.!  Selection 
of  benzalkonium  chloride  as  the  sanitizing  agent  of 
choice  was  based  on  data  previously  presented.*  The 
schedule  for  tent  sanitization  (Table  1)  was  estab¬ 
lished  when  bacteriological  evidence  indicated  the 
need  for  such  a  procedure. 

The  proceilures  for  sanitization  of  the  interior  of 
the  iK'ciipieii  isolator  were  as  follows ;  Debris,  waste, 
and  similar  materials  were  collected  and  cither  re- 
moveil  through  one  of  the  jiass-through  locks  or 
flushed,  under  positive  pressure,  from  the  bottom  of 
the  tent  through  a  plastic  sleeve  provided  for  such 

!  Bciizalkoiiiuiii  cliluridc  solution.  USI*.  lfl(,  , 
t  ertified  Lalmratorics,  Inc 
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[iiir|ioscs.  I'he  solution  of  benzalkoniuni  chloride, 
prepared  with  sterile  wafer,  was  intnxliice*!  into 
the  tent  together  with  ;  supply  of  sterile  gauze  anil 
toweling.  The  solution  was  appiietl  with  the  gauze 
to  the  entire  inner  surface  of  the  tent  and  to  all 
expensed  fittings,  shelving,  etc.  Extra  sheeting  was 
provided  for  protection  of  the  p,afienl.  Followitig  a 
minimum  contact  time  of  ten  minutes,  the  treated 
surfaces  were  rinsed  and  then  dried  with  sterile 
toweling.  Excess  m  waste  fluids  which  had  l>ccn 
{lermittcd  to  collect  at  the  bottom  of  the  tent  were 
drained,  under  positive  pressure,  through  the  plastic 
sleeve  into  a  collection  basin 

C.  Clinkai  and  Nursmg  Care  Data.—A  man.  con¬ 
valescing  from  .acute  myocarditis,  served  as  patient- 
volttnfreF  for  mis  elffHcal  trial  of  i.ie  isomtor. 
Selection  of  a  tes'  patient  not  iiccessarily  prone  to 
liacterial  superinfeclion  was  based  on  the  premise  that 
the  effects  of  prolonged  isolation  upon  the  ecology 
of  the  normal  human  microflora  were  as  yet  unknown. 

Prior  to  his  introduction  into  the  isolator,  the 
patient  was  bathed  and  shampooeil  with  a  commercial 
skin  cleansing  lotion  containing  hexachlorophene.li 
dressed  In  sterile  pajamas,  and  wrapped  in  sterile 
sheets  for  transfer  into  the  tent.  .Antibiotics  or  other 
antibacterial  agents  were  not  administered  cither 
before  or  during  the  period  of  isolation.  The  total 
l>eriod  of  confinement  within  the  isolator  was  12  days. 

The  proceilures  used  in  bathing  the  patient  while 
confined  within  the  i.solator  employed,  initially,  a 
commercial  ‘'antibacterial’'  bar  soapH  containing  both 
2%  hexachlorophene  and  an  unstate<l  amount  of 
.1.4,4-trichlorocarbinilide.  This  product  was  replaccl 
after  sevcti  days  by  the  3%  hexachlorophene  lotion. 
The  procedures  were  essentially  the  same  as  those 
employed  in  routine  nursing  care  under  normal  con¬ 
ditions  for  bathing  of  the  noiianibulatory  patient. 
Tticy  included  botli  an  intermittent  washing  of  the 
face,  hands,  and  upiier  portions  of  the  body  and  a 
complete  or  total  hody  liath.  but  no  shampoo 
(Table  1). 

D.  Prct<aratum  of  lletns  for  Palknl  Care. — All 
items  user!  for  care,  comfort.  <ir  feeding  of  the 
(latient  were  intrcxluccd  into  the  isolator  through  one 
of  the  ultraviolet  irradiated  pass-through  locks.  Used 
or  discardeil  items,  bedpans,  and  other  ex(iet«lctl  ma¬ 
terials  were  removed  in  a  similar  manner  through 
the  second  lock.  Most  materials  were  introduceil 
into  the  isolator  after  presterilization  in  double- 
wrapped  packages  by  eitlier  gas  or  steam  autoclave 
procedures. 

Wherever  iiossihle  all  items  were  brought  to  the 
isolator  in  their  double  wrappings  arel  introduceil 
into  the  pass-through  lock  simultaneously  with  re¬ 
moval  of  the  outer  wrapping.  Exposure  lime  to  the 
ultraviolet  light  within  the  lock  war-  thiee  to  five 
minutes  depending  on  the  nature  of  the  item  l>eing 
exposed.  This  procedure  was  intended  primarily  for 
the  destruction  of  microorganisms  present  in  the 

II  pHisoHcx  brand.  Winthrop  Laboratories.  Division 
of  Sterling  Drug,  Inc.,  New  York. 

H  Dial  soap,  .Armour  and  Co.,  Lhicago. 
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Tahi.i.  1. — Schedule  for  Hygienic  I’alienI  I  arc  and 
Plastic  Isolator  Lnclosure  Cleaning  and 
.Sanittcatum .  1 3- Day  Perurd 


Day  ot 

Patient 

Isolator  Tent 

Isolator 

{lygienic  Caro 

Cleanlnz  4 

•  Pfoceduw  t 

ttanlttratloa  : 

■2 

Partial  bath 

None 

i 

Complete  biiih 

None 

4 

Pariitti  bath 

Sorte 

f, 

Complete  tmtti 

« 

Parilai  bath 

NfHK 

7 

Complete  bath 

None 

a 

Complete  bath 

Itiiariof  surfaces  vrasheiJ 

ft 

Cocapietc 

I&terlof  surloces  waeUea 

to 

Complete  bath 

liitttiix  eurhieea  waalted 

u 

Complete  bath 

Intericr  surtaees  waslied 

12 

Complete  bath 

None 

*  Pttiieiil  liumduced  into  istiUsior  un  afterxinon  of  preeeiltiut  day 
foBowing  complete  bath  and  shampoo  with  hcr-athliwophene  (ptfiso* 
H«s)  lotion. 

t  Patient  bathiiif  employed  Dial  bat  soap  lot  (lays  2-7;  pHidoMes 
lotion  was  snlwiitutfxi  in  bathing  procedums  *w  days  8-12. 

t  l*rocedure  Included  spoiiglnK  ot  all  interior  plastic  and  nn’ta! 
siirliires  with  ,■»  1;7.V1  solution  of  benealltofittini  eiilotide. 

rather  large  volumes  of  air,  which  were  displacetl 
during  manipulation  of  the  doors  of  tlie  pass-through 
locks.  Surface  decontamination  of  materials  acci¬ 
dentally  contaminated  during  their  introduction  into 
the  lock  was  also  accoinpUshed  during  the  irradiatiem 
period.  Those  items  which  required  surface  steriliza¬ 
tion  only,  as,  for  example,  comnierchilly  prepared 
•Sterile  articles,  were  exposed  for  a  minimum  of  ten 
ininute.s. 

Items  which  wer'*  not  prcsterilizeil  included  freshly 
prepared  foods  and  tlierapeutic  drugs.  For  this  study, 
reliance  was  placeil  upon  the  pasteurizatitm  effect  of 
normal  cooking  procedures  for  the  provision  of  bac- 
leriologically  “safe”  foods.  Food  trays  were  prepared 
aseptically  using  prcsterilized  utensils  and  dishes.  No 
ready  solution  to  the  requirement  of  providing  sterile 
drug  items  was  determineil  and  only  original  phar¬ 
macy  pack  materials  were  used  in  an  effort  to  avoid, 
as  much  as  iKissihlc,  any  contamination  of  hospital  or 
staff  origin. 

E.  Pactcrudiigkal  Monitoring  Schedule  and  Pro¬ 
cedures. — Specimens  for  bacteriological  study  were 
collected  twice  daily  during  the  first  eight  lays  of 
isolation  and  once  daily  for  the  last  four  days.  The 
specimens  were  collected,  using  moistened  sterile 
swab.s  which  were  vigorously  applied  to  a  minimum 
surface  area  of  10  sq  inches  from  the  following 
cutaneous  regions ;  forearm,  including  the  volar  and 
ulnar  antebrachial  surfaces;  abdomen,  including  the 
upper  pubic,  umbilical  and  lateral  surfaces;  upper 
anterior  and  internal  surfaces  of  the  thigh ;  lower 
median,  sacral  and  lumbar  surfaces  of  the  back  ;  and 
rectal  region  including  anal  and  peri.ieal  surfaces. 
Specimens  were  also  collected  from  the  patient's 
pharyngeal  and  nasopharyngeal  orifices  Similar 
specimens  were  also  taken  from  all  of  the  pro¬ 
fessional  and  nonprofessional  personnel  associated 
with  the  project-  Refeience  cultures  of  represeiitative 
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Table  2, — tiffed  of  Isolator  Confinement  Care  on  Aticroflora  ,1/  the  CharyniH'ol  mul 

S'asol'horynfjeal  Reijiims 


Pharyngeal  Regions  NTastipharyngeai  Regions 


Isolattonn  <V 

Average  Kate 

Kfcqurm'y  of 

>  r»ns»l 

Average  Rate 

Frequency  of 

Vc^Tual 

Idcntiikatkiiiit 

of  Recovery  * 

Hccovcfy  t 

Valu**s  t 

of  Kecovefy 

Recovery 

Valu0»v 

<dOU 

100% 

^lou 

i00% 

<300 

0  Streptococci 

<10 

2&% 

>10 

>10 

76% 

<10 

7  Strepioeocct 

lO-iAO 

m% 

10-IQD 

10-100 

100% 

lo-ioe 

Stpi4*tmi» 

<]DU 

10-iOO 

>100 

80%, 

<100 

<to 

Kindle  occurrence 

<10 

Single  occurrenet; 

NR 

<10 

wcuneiHf 

<10 

__ 

NR 

Dtphihcroltifi 

<100 

76% 

io-ioo 

<10 

60% 

iO-lOU 

<10 

50% 

<10 

<10 

Single  occurrence 

NR 

fitmpphiltit 

<10 

Single  oceumnet* 

SR  i 

— 

NR 

<10 

-tfi. 

- 

NR 

K  pntumnnia*,  S 

<10 

36% 

<10 

<10 

90% 

10-tflO 

Totals 

>300 

100% 

>300 

>300 

100% 

>300 

•  Average  recovery  rale;  approiluiaUi  number  ol  wilonfcs  recovered  after  primary  dilution  and  plating, 
t  Frequency  of  recovery  ;  number  of  indii  tdual  specimens  cultured  from  which  postcive  tsolalkms  were  report ed. 

i  Nui  inal  recovery  values;  based  on  results  of  cultured  specimens  taken  bom  same  patient  during  hospitatiialion  on  open  ward  under  con¬ 
ditions  of  normal  envlroninenial  rrpnsiire. 

I  NB:  Not  repofteil. 


microorganisms  were  isolated  from  these  latter 
specimens,  identified  and  catalogual  for  future  refer¬ 
ence  and  comparison  if  recjuired. 

The  individual  specimens  were  prepared  for  plating 
on  various  media  by  elution,  with  agitation,  in  sterile 
peptone  soy  broth.  A  semiquantitative  dilution  and 
plating  procedure®  was  used  to  inoculate  the  follow¬ 
ing  selective  and  differential  media ;  5%  slieep’s  blood 
agar  (2  plates.),  MacConkey's  agar,  mannitol  salt 
agar,  “SF"  tt  agar  and  Sabouraud’s  dextrose  agar. 
Pharyngeal  and  nasopharyngeal  specimens  were  also 
inoculated  on  chocolated  blood  agar  anrl  chocolaterl 
blood  agar  with  0.05%  potassium  tellurite.  All  plate<i 
media  were  incubated  at  37  C  for  48  hours ;  anaerobic 
cultures  (on  blood  agar)  were  incubated  under 
hydrogen  in  Torba!  •  jars  and  chocolated  hlcKid  agar 
plates  were  incubated  under  COs. 

The  various  media  were  examined  following  incuba¬ 
tion,  and  (lata  were  recorded  regarding  presumptive 
identifications  and  relative  numbers  of  the  various 
microbial  species  which  were  recovered.  Definitive 
identifications  were  made  according  to  accepted  tax¬ 
onomic  and  diagnostic  criteria  and  procedures. 

Results 

iMjur  pertinent  (ibservations  were  made  re¬ 
garding  the  changes  in  the  patient’s  external 
microflora  during  the  12  days  of  confinement 
within  the  isolator.  First,  and  most  significant, 
no  transmigration  of  microorganisms  in¬ 
digenous  to  the  external  hospital  environment 
or  attendant  to  the  patient  could  be  detected. 

Second,  there  was  no  detectable  colonirabon 
of  the  patient  by  microorganisms  which  were 
Difeo  Laboratories,  Detroit,  Mich. 

♦Torsion  Balance  Co..  Clifton,  Nj. 


not  also  recoverable  at  either  the  onset  of  the 
isolation  jieriod  or  under  conditions  of  norma! 
environmental  exposure. 

Third,  although  the  bathing  procedures 
which  were  employed  were  capable  of  reducing 
the  indigenous  microflora  of  some  of  the 
cutaneous  surfaces  to  minimal  levels,  they  did 
not  prevent  the  rapid  repopulation  of  these  areas 
by  organisms  of  predominantly  fecal  origin. 
I'urther,  they  did  not  prevent  contamination  of 
the  patient  or  the  interior  of  the  isolator  by  sev¬ 
eral  species  of  potential  pathogens  for  which  the 
patient  was  a  carrier.  These  included  a  man¬ 
nitol-positive  strain  of  Staphylococcus  aureus 
and  a  type  III  strain  of  Klebsiella  pneumoniae. 
The  isolation  of  such  pathogens  from  an  es¬ 
sentially  normal  individual  w.as  clinically  un¬ 
remarkable,  However,  their  persistence  during 
the  {leriod  of  isolation  was  considered  to  be 
significant  in  light  of  the  probable  high  levels 
of  susceptibility  which  would  tend  to  charac¬ 
terize  the  tyiie  of  patients  for  whom  care  with¬ 
in  the  isolator  might  be  contemplated. 

Fourth,  information  of  value  in  the  selec¬ 
tion  and  mode  of  application  of  agents  for 
use  in  [lersonal  hygienic  and  bathing  proce¬ 
dures  was  also  obtained  from  the  bacteriologi¬ 
cal  data.  The  extended  period  of  the  trial 
licrmitted  a  comparative  study  of  the  effec¬ 
tiveness  of  several  agents. 

Values  for  the  composition  of  the  normal 
microflora  of  the  patient’s  skin  and  body 
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MICROBIAL  DISTRIBUTION  PROFILES  OF 
SELECTED  SKIN  SURFACES  DURING 
PROLONGED  ISOLATOR  CONFINEMENT 


Mk  Z. — Eitccts  ot  jiru- 
Jonge<l  isolator  coiihtie- 
incnt  on  the  microflora 
o£  selected  rejtioiuil  sku’ 
surfaces  during  a  12-day 
period  of  cotifiiienieiK. 
The  distribution  profiles 
arc  derived  from  daily 
bacteriological  examina¬ 
tions  of  the  total  micro- 
tloi'a  of  the  different  sites 
and  expressed  in  terms 
of  recovery  rates  relative 
to  normal  qualitative  and 
quantitative  values  ob¬ 
tained  for  the  same 
p.aticnt  under  normal 
conditions  of  cxi)osure. 
(US  Army  pliotoRraph, 
Walter  Reed  Army  In¬ 
stitute  of  Research.) 


AM  PM  I  AM  PM  II  4M  i  AM  I  AU 

SEVtPtTM  CISHTH  TtHTM  ElCWttITH  TWELfTH 


OftY  OF  ISOLATOR  CONFINEMENT 


—  nutrua.  (Atiewt  AatH 
era  —  conri-tTE  mtieht  iath 
0  -  *Ot»L*  CAKE  SOAA 
r,  -  'PMisOMEK  *  liquid  soak 


('rifices  were  determined  in  order  to  provide 
the  basis  for  a  comparative  evaluation  of  the 
effects  of  isolator  care  and  confinement  upon 
his  recoverable  microflora.  These  control 
values  were  ftased  upon  a  series  of  daily  cul¬ 
tures  taken  during  the  patient's  hospitalization 
on  an  open  warti  under  conditions  of  normal 
environmental  exjxjsure  and  also  uiwn  avail¬ 
able  literature  regarding  the  normal  microflora 
of  man.®  Arbitrary  values  were  assigned  the 
various  microorganisms  according  to  their  rela¬ 
tive  quantitative  and  qualitative  contributions 
to  the  normal  flora  of  the  different  surfaces 
and  orifices.  These  values  were  then  used  as 
standanis  for  deterinining,  on  a  |)ercentagc 
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basis,  the  rates  of  recovery  for  the  various 
s|)ecies  isolated  under  the  conditions  of  this 
study. 

The  microflora  of  the  pharyngeal  and  naso- 
l>haryiigeal  orifices  remained  within  the  normal 
ranges  as  defined  by  the  controls  described 
above  throughout  the  entire  period  of  confine¬ 
ment.  The  only  remarkable  finding  was  the 
repeated  isolation  of  the  type  III  strain  of 
K  /’ncumoniae  previously  mentioned  (Table 
21.  Various  isolates  identified  as  diphthercids 
and  s|)ecies  of  Xcissrria  and  Hcniof>hi/us  were 
also  obtained.  These  were  regarded  as  being 
sjiprophytic  normal  flora  ami  were  not  sub¬ 
jected  to  further  study. 
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I  able  3 — of  isoiator  Limfifwmtmt  Care  on  fhe  Miernflora  of  .'^clei  ted 

Patient  Skin  Surfaces 


Abituminaj  Sur&tc«s 
PubU.%  UmbUlca]  St  httenl  Ragiouf 


Avtfaf^  Hecevery  Rate  (C  FU  range)  * 
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■f  AStt,  ,5 — kffrft  !’f  hriat’^r  iymfinrnu'nt  Care  rm  the  StUrufiirm  ;>/  .Vr/cr/i  rf  Ri  tnufim 
Paliffit  Skin  Surfaces — ConttfuieH 


Thijth 

Anfc'flflfT  &  Inffrijir  Rt'giort-; 

Atc'fatfo  lle<*f>vfTy  Kato  ff'Fl*  rAftjE«'»  *  Fri*f|iH>nc>-  of  R<M*ovcry  t 
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*  Airerage  rm^veiy  rate:  approilmatr  numbt-r  of  ooiony  tomiteg  units  (CFIT)  recovered  on  primary  dilnlion  smd  platii»g- 
t  FwQUercy  of  recovery:  number  of  cultures  examined  in  which  positive  Isolations  were  f€i.w)ftcd. 

t  Normal  recovery  values;  based  on  cultures  taken  from  the  some  palknt  on  an  ot*>n  ward  In  a  normal  hospital  envlroiinieut. 

§  First  period:  through  mwBiJig  of  scx-enih  day,  Dial  soap  used  in  patient  liatbUig  jvoceduies.  1 1  cultures  taken:  second  period:  from  after* 
noon  of  seventh  day  through  lost  day  of  isolatirm.  pHtsoFlet  used  in  patient  h&ihLns  procedu^s. 

S  CRN,  culture  reports  negative. 
f  SR,  not  rep<»ned. 

Average  rates  and  frequencic.  of  recovery  are  derived  from  bacteriological  data  obtained  during  two  t  oiwevutive  jiericwb  <»f  seven  to  five 
days,  respectively,  during  which  two  different  skin  cleansing  agents  were  employed  in  the  patiern  Vjwthlng  procedures. 


The  microorganisms  isolated  most  frequent¬ 
ly  from  the  various  skin  surfaces  included  S 
aureus,  E  coli,  and  several  distinctive  strain.s 
of  Staphylococcus  epidermidis.  Isolations  were 
also  reported  for  both  the  type  III  strain  of 
K  pneumoniae  and  serologically  nontypable 
strains  of  Klebsiella- Aerobacter  (Table  3).  A 
yeast-like  organism  identified  as  Candida 
krusci,  recovered  from  the  dorsal  surfaces  of 
the  hand,  was  the  only  mycotic  isolate. 

Data  accumulate<l  during  the  first  half  of 
the  study  indicated  that  the  procedures  being 
employe<l  for  patient  bathing  and  personal 
hygiene  were  having  little  effect  on  the  recov¬ 
erable  micrortora  of  the  patient’s  skin.  As 
noted  in  Section  C  above,  the  3';f  hexachloro- 
phene  skin  lotion  was  substituted  after  the 
seventh  »lay  of  confinement  for  the  original 
bjir  soa|>  product  use<I  at  the  onset  of  the  study. 
The  change  in  skin  cleansing  agents  was  ac¬ 
companied  by  a  marked  reduction  in  the  total 
numbers  of  mierfjorganisms  iccoverahle  from 
all  of  the  monitored  skin  surfaces  including 
those  of  the  rectal  surfaces  (  Fig  2>. 

The  extent  to  which  the  change  in  cleansing 
agents  affected  the  microfiora  which  could  be 
recovered  from  the  various  skin  surfaces  iiiay 
tie  summarized  as  follows:  The  overall  com¬ 


bined  or  average  rate  of  microbial  recovery 
for  all  of  the  monitored  areas,  excluding  those 
of  the  rectal  region  an<l  the  small  of  the  back, 
approximate!!  10%  of  the  normal  or  control 
values  <luring  the  first  seven  days  of  the  study. 
On  several  occasions  the  daily  total  recovery 
rates  fur  all  of  the  monitorefl  surfaces,  again 
with  the  above  exceptions,  exceeded  the  nor 
mat  50%  value.  Following  the  change  to  the 
3%  hexachlurophene  lotion,  the  total  combined 
recovery  rates  for  the  same  regions  was  re¬ 
duced  to  a  daily  average  of  3.2^f  for  the  final 
five-day  f)eriu<l.  The  a\'erage  recoveiy-  rates 
for  the  microflora  of  the  recta!  region  and  skin 
.surfaces  <»f  the  small  of  the  back  during  the 
first  seven  <lays  were  founrl  to  be,  respectively, 
6SCf  and  14%  of  the  corresyxmding  normal 
values.  Following  the  change  in  cle.ansing 
agents,  the  comparable  average  values  for  the 
same  regions  were  fimnd  to  be  38%  and  2*'r . 
respectively. 

The  recovery  rates  for  the  culturahle  micro 
flora  of  the  different  skin  regions  were  found 
to  lx*  directly  proportional  to  the  extent  of 
exjR/sure  of  the  inilividual  surfaces  to  fecal 
contamination.  7'he  nonrectal  areas  determincii 
to  l)e  most  sensitive  in  this  re>i»ect  were  the 
alxloiiien  ;ind  surfaces  of  the  lower  hack.  .\s 
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previously  iiientioned,  s<"veral  distinctive  straitis 


of  S  epidermidis  were  recovered  from  the  pa¬ 
tient.  One  such  strain,  which  was  predominant 
in  the  upper  respirator}-  tract,  was  encountered 
f>nly  infrequently  in  the  various  skm  surface 
cultures.  In  contrast,  the  strains  of  S  cpidcr 
muii.f  most  fretiuently  isolated  from  skin  sur 
ffUTS,  particularly  the  areas  of  the  lower  trunk 
ami  extremities,  were  the  same  as  those  re- 
covere<l  from  txjth  rectal  .sw-abs  and  stool  cul¬ 
tures.  The  frequent  isolation  oi  ft  coli  from 
several  nonrcctal  skin  surfaces  provided 
further  evidence  of  the  extent  of  colonization 
of  such  surfaces  by  microorganisms  <lerived 
from  the  intestinal  rnicroflora.  Tn  all  instances 
in  W'hich  Fi  coli  w-as  recovere<l  from  specimens 
taken  from  the  various  nonrectal  skin  surfaces, 
fecal  strains  of  S  epidermidis  were  also  iso¬ 
lated  from  the  same  .sites.  £  coli  was  never 
isolated  from  either  throat  or  nasophary-ngeal 
sfiecimens. 

Isolates  presumptively  identified  as  Klebsiel- 
la-Aerohacter  were  recovered  from  nearly  alt 
of  the  s|>ecitnens  taken  from  the  rectal  region 
and  in  over  SQ%  of  the  sfreciinens  taken  from 
the  upper  respiratory  tract.  Alt  of  the  latter 
isolate.s  proved  to  be  typable  as  K  pneumoniae 
type  III.  The  former  included  both  type  III 
strains  and  nontypable  strains  which  were  sub¬ 
sequently  reporter!  as  A  acrogenes.  Only  two 
similar  isolations  were  reported  for  the  other 
monitored  skin  surfaces.  Both  of  these  w-ere 
from  the  lower  back  region  and  were  sero 
logically  nontypable. 

Strains  of  mannitol-positive  staphylococci 
w-ere  isolated  on  ten  separate  occasions  from 
the  rectal  regions  and  nine  times  from  one  or 
more  of  the  other  monitored  skin  surfaces.  On 
only  one  occasion  were  mannitol-positive 
staphv'lococci  isolated  from  a  specimen  taken 
from  a  skin  surface  without  also  being  recov¬ 
ered  from  rectal  sw-abs.  This  recovery  w-as 
fn-  n  the  kjwcr  back  region  and  subseijuent  to 
a  revious  culture  series  in  which  elevated  l>ac- 
t<  ial  counts  were  obtained  from  nearly  all  of 
t  e  monitored  regions.  Mannitol-|)ositive 

taphylococci  were  recovered  on  only  one  oc¬ 
casion  from  specimens  taken  from  the  upper 
respii.itory  tract.  Is<jlates  of  this  latter  strain 
as  well  as  those  obtaine*!  for  the  mannitol - 
l¥)sitive  staphyl<K'occi  recovered  fnmi  the  vari¬ 
ous  skin  surfaces  were  foun<i  to  be  coaguiase 


jx^sitive.  The  two  .strains  weie  biochemically 
identical  in  all  res{>ects. 

Mxcludiiig  the  incon.xtaist  recovery  of  L 
krusei  frotn  the  haiid.s  of  the  patient,  no  micro¬ 
bial  isolates  were  recovered  from  any  of  the 
monitored  regions  which  could  nut  Ih-  clearly 
attributed  to  the  tiormal  en<logenous  microtlora 
of  the  patient  as  <iescrii)ed  under  either  condi¬ 
tions  of  normal  envinmrnentai  ex[M>sure  «)r  .ai 
(he  onset  of  the  i>eriod  of  isolation. 

Comment 

'I'he  feasibility  and  practicability  of  unitized 
patient  isolalijr.s  in  protecting  the  debilitated 
or  infection-prone  patient  have  not  been  previ¬ 
ously  documented.  Kxtensive  examinations  of 
the  ])ossiblc  changes  in  patient  microflora  re¬ 
sulting  from  prolonged  periods  of  continuous 
confineiYient  within  such  an  isolation  system 
are  essential  to  an  effective  assessment  or 
evaluation  of  such  equipment.  Inasmuch  as 
these  systems  are  designed  to  sequester  the 
patient  from  colonization  by  potentially  patho¬ 
genic  microbes  indigenous  to  the  hospital  en¬ 
vironment.  the  ultimate  proof  of  their 
effectiveness  and  reliability  must  re.st  in  the 
demonstrable  exclusion  of  such  opportunistic 
pathogens. 

Three  broad  areas  of  clinical  or  experimental 
application  are  immediately  concomitant  upon 
the  demonstration  of  the  soundness  of  the 
unitized  patient  isolator.  The  most  important 
of  these  is  the  provision  of  a  reliable  means 
of  “reverse”  isolation  which  is  readily  employ¬ 
able  in  any  hospital  area.  Tlie  isolator  should 
prove  of  critical  value  in  preventing  or  con¬ 
trolling  catastrophic  secondary  infections  in 
those  patients  who  have  been  debilitated  by 
<lisease  or  extensive  surgery  or  who  have  un- 
rlcrgone  intensive  radiation  therapy  or  treat¬ 
ment  with  immunosuppressive  drugs  or 
aniimetalxjlic  chemotherapeutics. 

Second,  the  isolator  may  prove  to  be  of  value 
as  a  means  of  direct  isolation  in  controlling 
the  transmission  of  highly  communicable  dis¬ 
ease  agents  fnmi  the  infective  patient  to  other 
susceptible  hosts.  However,  such  a  capability 
is  not  the  subject  of  this  stu<ly  and  requires 
further  evaluation. 

Third,  the  isolator  also  api)ears  to  lie  <if 
value  as  an  exfierimental  system  in  which,  for 
the  first  time,  man’s  resjuinses  to  changes  in 
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his  tnicrntlura!  cnvironnietit  coul<i  he  exatnincf! 
under  the  •■trictcst  uf  exiXTimeiitaily  inanipu- 
iated  and  emit  lulled  cunditiuns. 

obtained  frotn  the  baeteriolojjical 
luoniturinj;  of  the  isalient'.s  external  mieroll<jra 
titiring  the  iierifxi  of  confinement  within  the 
isolator  jiennit  several  i;eneral  conclusions  re¬ 
garding  the  liehavior  of  the  various  microbial 
populations  under  the  coiuliliuns  eniployed  in 
this  study,  hirst,  it  is  ajspareiit  tliat  while  the 
cutaneous  tnicroflora  of  several  of  the  skin 
regions  were  not  drastically  modified  as  a  re- 
-suit  of  the  combined  prixtsiures  of  total  iso¬ 
lation  and  intensive  skin  hygiene,  they  were 
brought  under  a  certain  degree  of  control. 
Demonstration  of  such  control  is  of  merit  to 
this  study.  Ibi fortunately  the  1-ack  of  coni- 
[larative  data,  obtainable  only  from  the  same 
patient  ari<l  under  conditions  identical  to  those 
employe*]  here  exceiit  for  actual  canifinement 
within  the  isolator,  prevents  coinidete  assess¬ 
ment  of  |he  extent  and  significance  of  this 
control. 

It  is  obvious  also  that  the  cutaneous  iiiicro- 
fiora  of  those  areas  which  were  not  exposed 
to  fecal  contamination  were  not  drastically  af¬ 
fected  by  the  combined  pr<K'e<!ures  of  isolation 
and  skin  cleansing.  The  gram-negati\e  enteric 
components  of  the  transient  aerobic  microflora 
of  these  areas  jiersisted  Imth  on  the  surfaces 
immediately  adjacent  to  the  rierineum  and  also 
on  other  surfaces  which  could  have  been  re¬ 
seeded  or  recolonized  only  through  indirect 
contamination  by  contact  with  soile<l  clothes  nr 
similar  vehicles. 

In  contrast,  those  surfaces  which  were 
tojxdogically  remote  from  either  direct  or  in- 
<Hrect  contamination  of  fecal  origin  remained 
bacteriologically  clean  for  longer  periods  fol¬ 
lowing  bathing  or  cleansing.  This  finding  W’as 
•attributed  to  the  cumulative  inhibitory  effects 
of  hexachlorophene  residues  on  the  gram-posi 
tive  components  of  the  resident  microflora  of 
these  latter  surfaces.  The  jiersistence  of  a 
gram-negative  microflora  of  enteric  origin  in 
the  presence  of  hexachlorophene  residues  and 
the  conclusive  demonstration  of  the  spread  of 
bacterial  contamination  of  fecal  origin  to  other 
skin  surfaces  through  contact  with  soiled  cloth¬ 
ing  or  similar  items  illustrate  the  need  for 
further  evaluation  of  skin  cleansing  agents 
inten<le<l  for  use  in  isolator  care  programs. 


Informatiun  regarding  the  ultimate  origin- 
of  various  comiMinents  of  the  cutaneous  micro 
flora  was  also  dcvelo;-ed  from  the  bacterio¬ 
logical  data.  Those  mienxirg.anisms  which  first 
j>re\aile<!  oti  many  of  the  bactenologicaliv  fle- 
nudeil  skin  surfaces  following  bathing  with  the 
hexachlorophene  lotion  were  clearly  of  etiterie 
iirigiri.  This  was  the  situation  for  nearly 
of  the  total  bijdy  >kiti  surfaces .  only  those 
areas  which  were  relatively  remote  from  the 
recta!  region  deinon.straied  .an  initial  reodo 
nization  by  <ither  niicriHirgamsnis,  In  this  batter 
situation,  involving  primarily  skin  surfaces  of 
the  forearm,  lower  thigh,  and  upjjer  thorax, 
the  recolonizatiun  wa-s:  led  by  masfecaJ  -trains 
of  A  cpidi'riHulis.  In  the  absence  of  am 
demonstrable  exogenous  source  for  this  re 
Cfjlonization,  it  could  only  fie  concluded  that 
the  reestablished  niicrofkira  deveiofieii  from 
encrypted  foci  in  the  deejier  layers  ami 
emerged  only  after  depletion  of  the  hexa- 
chlorophene  residues. 

Dissemination  to  the  various  skin  surfaces 
l>v  micnMirgani.sins  from  the  respiratory  tract 
was  not  detected.  However,  this  may  have 
lieen  a  result  of  the  fact  that  many  Of  the 
organisms  of  respiratory  origin  normally  as¬ 
sociated  with  flroplel  or  droplet  nuclei 
contamination  are  in  the  so-called  “hexachloro 
lihcne-.sensitive"  range.  It  is  also  apparent 
that  pnilonged  [leriods  of  isolator  eonfincmeiit 
are  without  effect  on  the  microflora  «.if  the 
jiharyngea!  and  nasopharyngeal  cavities.  It  is 
of  particular  interest  in  this  respect  that  the 
type  Ill  strain  of  K  pneumonioi'  for  which 
the  jiatieiit  was  a  respiratory  carrier  was  not 
lost  during  the  12  days  of  isolation. 

In  all  instances  where  skin  contamination  (^r 
tecfdonization  occurred,  the  res])onsif)le  mi 
crobes  were  of  demonstrable  jiatienf  origin. 
None  of  the  microbial  isolates  from  either  the 
Iiatient  or  from  the  interior  of  the  isolator  ■ 
could  be  e<|uate<l  with  any  of  the  bacterial 
strains  recovereil  from  either  the  imniediatelv 
adjacent  h*>spital  environment  or  attending 
riersonnel.  Thus,  the  basic  premise  uisin  which 

the  unitize*!  patient  isoIat*ir  is  base*! _ jireven- 

ti*in  of  crossinfeclion  or  superinfection  in  the 
highly  susceptible  patient  by  excluding  all  fxis- 
sible  microbial  contact  with  ex*jgen*)us  en 
vironmental  bacteria— .appears  t*)  lie  *lefensiblc. 
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This  study  clearly  demonstrates  the  limits 
to  which  the  detectable  levels  of  the  cutaneous 
microflora  can  be  reduced  through  combined 
isolator  confinement  techniques  atid  effective 
hygienic  procedures.  The  results  are  even 
more  remarkable  in  light  of  the  fact  that  they 
were  obtained  without  manipulation  of  the  fia 
tient’s  indigenous  microtlora  by  administration 
of  antibio.  ics.  The  fact  that  isolation  does  not 
modify  the  flora  of  either  the  upper  respiratory’ 
or  lower  intestinal  tracts  poses  additional  prob¬ 
lems,  particularly  with  patients  s  ich  as  the 
<ine  involved  in  this  stcdy  who  are  prov^ed  car¬ 
riers  of  ijotential  secondary  pathogens.  The 
hazards  which  may  befall  the  debilitated  pa¬ 
tient  in  the  contamination  of  wounds,  burns, 
or  incisions  by  organisms  of  enteric  origin 
were  demonstrated  by  the  rapid  and  extensive 
to{>ological  migration  in  our  patient  of  not  only 
these  organisms  but  alscj  of  S  aureus  for  which 
he  was  an  intestinal  carrier. 

The  recovery  of  E  coE,  /i  acro^cnes,  and 
fecal  strains  of  S  cfiidcrmidis  from  the  abdo¬ 
men.  small  of  the  back,  and  other  nonfjerineal 
skin  surfaces  provides  the  first  absolute  evi¬ 
dence  of  the  transmigration  of  organi.sms  of 
enteric  origin  into  nonpcrineal  regions.  Hare 
has  yiresented  evidence  w'hich  indicated  the 
existence  of  such  a  route  for  the  dispersal  of 
staphylococci  from  the  perineum  to  the  skin 
and  clothing  of  k;''Own  carriers.*  *  The  pattern 
of  disjjersal  suggested  by  Hare  and  demon¬ 
strated  here  includes  initial  transfer  of  the 
microorganisms  from  their  site  of  multijdica 
tion  or  initial  deposit  in  the  perineum  to  the 


carrier's  clothing  with  subsequent  transfer  to 
nonjierineal  skin  surfaces.  The  rnechani.sms 
involved  in  this  pattern  would  include  friction 
and,  as  suggested  by  Hare,  convection  currents 
within  the  clothing. 

Summary 

A  i^atient  was  bacteriologically  monitored 
during  a  12-da\’  period  of  confinement  wdthin 
a  jjatient  isolator.  The  combiner!  effects  of 
isolation  and  antimicrobial  skin  cleansing 
agents  ujxjn  the  normal  cutaneous  microflora 
w'ere  exainirred. 

Data  rlerived  from  daily  microbiological  ex¬ 
amination  of  .selected  cutaneous  and  body’ 
orifice  niicroflora  revcalerl  the  following;  Use 
of  a  soap  containing  2%  hexachlorophcne  af¬ 
fected  only  a  tenqxjrary  reduction  in  the  .skin 
microflora:  maximum  reduction  was  obtained 
with  a  hexachlorcphene  lotioti.  Repopula- 
tion  of  bacteriologically  denuded  skin  .surfaces 
was  due  primarily  to  recolonization  by  organ¬ 
isms  of  enteric  origin ;  no  refx>pulatiun  by 
organisms  of  respiratory  origin  wa.s  rletected. 

I'he  indirect  transmigiation  of  enteric  micro- 
organisms  tf>  nonyierineal  surfaces  was  demon¬ 
strated. 

At  no  time  was  there  bacteriological  evidence 
of  a  failure  in  the  microhinl  harrier  of  the 
isolator. 

Generic  and  Trade  Nam,**  of  Drug 

HtxarfilortJpliene — Gamophen,  H  exackh'irnph^c . 

pHisrtHeX.  ^Ur^i-Cen.  Rurnfenr. 
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